Introduction
An eigenfunction expansion method is considered here for computing the currents on a simple monopole antenna radiating into the half-space over an infinite perfect electric conductor (PEC) ground plane. To apply the method the monopole is enclosed by adding a second, parallel ground plane, as is illustrated in Fig. 1 . The original half-space region is thus replaced with an infinite sequence of images. This approximation allows the fields to be represented using cylindrical harmonics expansions in each of two sub-regions between the ground planes. Coefficients of these expansions are found by enforcing E, = 0 along the monopole surface as well as the continuity of the fields at the interface between the two sub-regions. A similar approach has been used to compute currents on a top loaded monopole [l] . Additional details of the work to be described here are contained in [2].
Formulation
A circular cylindrical coordinate system (p,++,z) is oriented so the bottom ground plane in Fig. 1 becomes the s -y plane and the z-axis is vertically centered through the monopole.
An electric type (TM) Hertz potential is used to represent the field components [3] . Assuming axisymmetric fields, with no &variation, the Helmholtz equation for the Hertz potential is easily solved using cylindrical harmonics in each of the two regions. Enforcement of the PEC conditions on both ground planes and on the top of the monopole yields eigenmodes corresponding to Fourier series in the z-coordinate for the periodic, infinitely imaged structure. Truncated expansions for the resultant non-zero field components are:
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Additionally, we least-squares match the corresponding region I and region I1 expansions for E, (a,z) and If+(a,z) Upon inverting (7), the monopole currents are found by using I ( z ) = 2 n a l l~( a , z ) ,
where the magnetic field on the wire surface is evaluated from (2). The radiated field can then be evaluated using the standard far-field Green's function integration over the wire.
Validation
Exhaustive computational checks were performed using the Numerical Electromagnetics Code (NEC) as a benchmark. These included tests for series truncation convergence, via adjustment of NI and N2 as functions of monopole height, h, ground plane spacing, 1, wire radius, a, and gap spacing, d. Results showed that about 20 modes ( N I or N2) per A0 of z-axis distance were needed for convergence of the I ( z ) solution on the monopole to within a few %. An example comparison with NEC using our computer program, MONO, is shown in Fig. 2 .
The EZ(a, z ) convergence was much slower than for I ( z ) since the narrow pulse function across the gap and the large field values near the top of the monopole require a broid spectrum of Fourier terms for accurate least-squares reconstruction.
There was no mandate, however, to have good convergence of E, at p = a to assure an accurate I(z). This result is valid in spite of the fact that the matching and PEC/gap enforcement of E, (a, z ) formed the basis for half of the moment equations that led to (7).
A final observation is that the upper ground plane can be brought to within about A0/2 of the top of the monopole without any major effect on the computed current distribution vis-a-vis the open half-space case. Special consideration is needed, although, when either Z/d is an integer or q = 1 -h equals an exact multiple of Xo/2.
These respective special cases lead to a zero of the driver of (7), through I ! ! )
or an indeterminant in the curly braced term in (7), via the nulling of one of the U,. 
Extension
The purpose of this work was to initially investigate the viability of using cylindrical harmonic expansions between parallel plates to approximate the induced currents on radiating and scattering structures in unbounded space. An extension to the simple monopole example will involve installation of a top-plate with inhomogeneous dielectric loading below the plate to focus the radiation pattern in desired directions. 
